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Abstract-This study included the preparation of specimens of epoxy reinforced by silver oxide. Some of their mechanical properties been studied such as hardness, compression strength and wear rate with volume fraction 2%, 4%, 6%. The results showed that the mechanical properties hardness and compressive were affected directly by the increase of the volume fraction of the reinforcement material. The samples with the highest volume fraction had the highest hardness and compressive strength. As for the wear test was conducted in the circumstances of changing the applied load 40,60,80 N were approved, respectively, results shown that the rate of wear increases with load increasing of all samples before and after the reinforcement. For the relationship of the rate of wear with the increasing of the volume fraction, the results showed that there is a decrease in the rate of wear with the increasing of the volume fraction.
Index Terms-Epoxy; Mechanical Properties; Compressive Strength; Hardness; Wear Rate; Metal Oxide; Silver Oxide.
I. INTRODUCTION
Epoxy are the most desirable systems at work now; because of their, high performance properties, and quick and easy operation. One of the most important features of epoxy as well as its ease of using is the good enduring in dimensions and resistance to corrosion. Also, it becomes resistant to the effects of light and extreme bad weather conditions [1] , [2] . The development that has been introduced on this material made it possible to form different size products do not back or related with the economic price; which was considered impossible in the past, but epoxy resins are not suitable for use alone since they are not strong and not characterized by high strength. But by merging them in a combination with certain reinforced materials, they acquire good properties that make them suitable for use and are characterized by high capacity to bear loads [2] , [3] . Epoxy resins characterized by being of a bright color. As well as it is transparent, solid, and its resistance to water and chemical materials, it used until 80 °C or more depending on the particulates of the strength and it low shrink by size [1] - [4] . In addition, epoxy resin has high electrical insulation so it uses in many applications such as the manufacture of various plastic materials, the manufacture of thin films, the preparation of some types of protective coatings, in the manufacture of insulators, and as composite materials in the manufacture of structures of small boats and aircraft, building structures, and bridges. Epoxy are used in many public areas such as construction, building, marine, electrical, and industrial applications, transportation, and health. In the field of construction; they use for obtaining strips of ceilings, air-conditioning corridors, cutters, window and doors frames, swimming pools, industrial marble panels as well as water-resistant coverings [1] . In 2015, Watan studied the addition effect of combine Aluminum oxide and copper oxide powders on hardness, compression strength and wear rate of unsaturated polyester, the results demonstration increases of hardness, compression strength and decreases in the wear rate after volume fraction of particles reinforcement increase [2] . Among the studies, researchers Young and Beaumont were study the mechanical properties of system consists of epoxy reinforced by silica particulates as a function of the volume fraction of the particulates, they found that the stress of that measured by the compression test increased by increasing the volumetric fraction of the particles [3] . Salih et. al studied the mechanical properties of a polymer-based hybrid material of unsaturated polyester as matrix material. Glass fibers and graphite are the first group of samples, Kevlar fibers (49) and the graphite particulates as a second group of samples. The study showed an improvement in the properties of tensile, compression and hardness by increasing the volumetric fraction [4] . In mechanical tests also, Wamy et.al. conducted a study of epoxy composites reinforced by silica particulates. It showed that there was an increasing in the rate of wear by increasing the concentrated load and the surfaces of composites studied by scanner electronic microscope [5] . The aim of this study is to study some mechanical properties of epoxy reinforced by silver oxide and how to improve these properties according to the changing in the volume fraction of the added reinforced particles.
II. EXPERIMENTAL PART

A. Materials
The epoxy resin (quick mast 105) provide by (DCP) was used as a base material for the composite material, which is a viscous liquid of density 1.10 gr/cm³. it turns into a solid material after the addition of the hardener (Meta-phenylene Diamine MPD a clear liquid) at ratio 3:1 resin to hardener respectively at room temperature, the reinforcement particles are silver oxide Ag2O provide by (CDH, India) with a purity 99.9% and a density of 7.14 g/cm 3 and particle size less than 75µm. 
B. Composite Preparation
The added particles with different volume fractions of (2%, 4%, 6%) which were added to the epoxy for reinforcement based on the (1) [6]:
pm, pp: The density of the base material and the reinforcement material, respectively. φ: Volume fraction of the reinforcement material. ψ: Weight fraction of the reinforcement material in the composite material and this is calculated by (2), and (3) below.
wc, wm, wp: The weight of the composite material, the base material (matrix), and the reinforced material, respectively.
The manual molding method was used in the preparation of the sample by using a glass mold with the dimensions 15×15×2 cm which were cleaned and the inner layer was coated with transparent film to prevent adhesion of the mold after extraction. The epoxy resin was mixed with silver oxide by electric stirrer for 2 min and then the hardener is adding to the mixture and stir for 10 min. when mixture became a good gelatin texture, the ingredients mixture is pouring in the mold before solidification. After leaving the mold for (24) hours for solidification, the cast was extracted and the samples were cut for the testing purpose and according to the standard specifications.
C. Equipment and Testing Method
The measurement of the hardness test was carried out by using QualiTest HPE Digital Durometer device type of (shore D). Where the penetration surface of the device (pressure foot) touches completely with the sample surface, then the hardness values are read. The compression test performed by using a TINIUS OLSEN model H100KU by gradually concentrating the load until the failure of the sample where the maximum load is the value of compressive strength. A wear test performed according ASTM G99-05 standard using a sliding wear device consisting of a flat metal stick with a sample clamp and steel disc connected to an electric motor. The wear rate was calculated using the weight method, which includes calculating the loss of weight for the sample during time duration at specific load. The disc is material made of a tool steel with hardness 400 HV, which has a radius of 9 cm with a rotating speed of 250 rpm. r: the distance from the center of the sample to the center of disc (m), n: number of disc cycles 250 rpm, t: testing time in (min), 15min. Fig. 1 illustrates the relation between the compressive strength and the volume fraction. The Compressive resistance increases by increasing the volume fraction, where the highest compressive strength value is at the highest volume fraction samples. This can be explained by the fact that the reinforcement by particles characterized by high compressive resistance because the particles reinforcement is characterized as symmetric in all directions. As well as the strength of the interfacial bonding between the particulates and the matrix material, as well as the small size of these particulates, which results in a small in the interparticles spacing and that will block the generating of cracks, so as increasing in volume fraction the compressive resistance increase [7] , [8] . In addition, the effect of the reinforcement by particulates can described by the statistical distribution of the defects in the composite material. When adding the particles to the epoxy resin, this led to increases in the number of barriers that preventing the growth of the gaps. Also, these particulates act to delay the collapse of the material [9] . 
III. RESULTS AND DISCUSSION
A. Compressive Test
B. Hardness Test
The results obtained of measuring the hardness of the samples before and after the reinforcement showed that, the hardness values increased for the material in the case of reinforcement by increasing the volume fraction as shown in Fig. 2 . Hardness defined as the surface resistance to penetration [10] . Where the results showed that the reinforced samples with the highest volume fraction (6%) has the highest value of the hardness, and the reason is attributed to the increase of tangles and stacking, which reduces the movement of polymer molecules, and this led to increases of the material resistance for scratching and cutting, therefor its resistance to plastic deformation increases. Generally, the hardness of the materials depends on the type of forces that connect the atoms or molecules in the material. As the bond is stronger, the values of hardness increase. Therefore, stronger interfacial bonding between the two phases (resin and the reinforced material) increased the hardness of these materials [11] . Fig. 3 , which shows the relation of the wear rate with increasing of particles volume fraction, it shows that there is a decrease in the wear rate with the increasing of particle volume fraction. This can be explained by the fact that the addition of particles of silver oxide increases the wear resistance due to the higher hardness of these particles, as silver oxide ratio increases, the hardness of the sample increases. Generally, wear resistance is related with material surface hardness and increases by increasing surface hardness. In addition, the particles act as weight and stress carrier elements within the matrix material, to reduce or prevent touching between the sample surface and the disk [12] , [13] . Fig. 3 . Relation between wear rate and volume fraction at different normal loads of epoxy-Ag2O composite Fig. 4 shows the relation between the wear rate and the applied normal load on samples of epoxy before and after the reinforcement with Ag2O. The results showed an increase in the wear rate by increasing the normal applied load on epoxy before and after reinforcement. This attributed to the increasing of the friction forces due to increasing the compressive forces as well as increasing the temperature between the surface of the sample and disk. Where, both fraction surfaces have a large number of sharp protrusions. Therefore, when these protrusions are connected between the two surfaces as a result of the applied load or speed, either plastic deformation occurs or remains in an elastic contact state. However, when the protrusions are sharp, the stress effect on the sharp points may be more than the elastic stress and thus the plastic deformation occurs at all sharp points. The value of the applied load has a direct effect on the plastic deformation that occurring at the protrusions peaks and the area near the surface. where the cracks are combined with each other leading to the removal or scraping of the surface layers, consisting of the wear debris which is in the form of thin platelets, so the plastic deformation increases by increasing the normal applied load [14] . The results in this research revealed that, increasing in the values of hardness and compression for the material after the reinforcement with silver oxide. Also, increasing in the values of hardness and compression strength by increasing the volume fraction. The results show decreasing in the wear rate of the resultant composite materials after the reinforcement. In addition, increasing in the wear rate of the epoxy with increase of the normal load before and after the reinforcement by silver oxide particles. Finally, the wear rate of specimens is decreasing by increasing the volume fraction.
C. Wear Test
